The inhibitory effect of x-radiation on cell division is well known and has been demonstrated in yeast many times. The relative insensitivity of other processes, such as respiration and fermentation of glucose, is also well known. However, it has recently been demonstrated by Bait and Stannard (3) that starving (aeration in distilled water), treatment with a cation exchange resin (dowex 50), and/or the absence of K + in the medium could considerably enhance the apparent effect of irradiation on gas exchange. The present investigation was designed to determine whether these treatments had similar effects on the growth of yeast after irradiation. Also the effects of these modifying factors on the growth of normal yeast required investigation.
(dry weight) in a shallow glass dish to 250 kv. x-rays (Picker industxial unit), 15 ma., untiltered, 6~-inch target to object distance and at room temperature, 26 4-3°C. The dose rate was approximately 1850 r/minute measured in air with 250 or 1000 r Victoreen thimble chambers. Radiation due to scatter was less than 10 per cent of the total dose. 1 During the exposure oxygen was bubbled through both the irradiated and non-irradiated suspensions, the latter being placed in the x-ray room but shielded by lead bricks.
The growth of non-irradiated and irradiated yeast was compared on both solid and liquid media. Growth on a solid medium was estimated by observing the number and size of colonies which appeared after 24 and 48 hours at 30°C. The dilution and plating techniques of Anderson and Stuart (i) were employed, t The number of viable s cells present in the inoculum can be determined very accurately since by this technique each colony which appears can ordinarily be assumed to stem from one viable cell. The possibility of one colony stemming from several cells which may have adhered to each other was minimized by plating out only enough cells to sstisfy statistical requirements and by prevention of clumping in the original cultures.
Measurement of the optical density of the growth medium has been generally accepted as a method to observe growth of microorganisms in a liquid medium. If desired, the optical density measurements can be converted to estimates of cell weight and cell counts by reference to previously determined calibration curves (2) . In our experiments the following special techniques were employed.
To a sterile 500 ml. round bottom boiling flask fitted with a 24/40 standard taper ground glass male joint was added 50 ml. of sterile growth medium. This was inoculated by adding I ml. of the proper inoculum. A sterile Thunberg tube was then fitted to the greased joint of the flask. The assembled unit is shown in Fig. I . The flask was attached to the shaking device on a Warburg bath and kept at 30°C. with shaking at 120 strokes/minute. At desired intervals the entire unit could be inverted, the Thunberg tube placed in thc Rouy-Leitz photrometer by means of a special adapter, and the turbidity recorded. This method eliminates the need for sampling. Quite reproducible growth curves were obtained in this manner.
RESULTS

Growth Cur~es.--
The growth rate of yeast in a liquid medium can be expressed as follows (7):
Growth rate == t i The irradiation and dose rate measurements were performed by Mrs. Florence Van Slyke, Radiation Physiology Section.
s The Petri dishes were prepared with a layer of melted Sabouraud's dextrose agar, sterilized, and after cooling stored in the inverted position in the incubator for 12 to 14 hours prior to use. The plates were inoculated by spreading 0.1 ml. of the diluted yeast suspension (about 2000 cells/mL) on the agar by means of a small glass rod.
s The term viable refers to ability to divide. Actual cell deaths as determined by staining with methylene blue were negligible. in which Z is the total amount of yeast in milligrams (dry weight) at time, t, in hours. A is milligrams dry weight of yeast in the inoculum. Growth rate is given in milligrams per hour.
In Table I are shown the growth rates from a typical experiment in which the yeast was grown in the apparatus described above. The entire range of the photrometer was utilized and the rate is a constant over the logarithmic portion of the growth curve (Fig. 2) at approximately 0.450 reg./hour.
In Table H the growth rate in liquid medium is shown to be independent of, while the duration of the lag phase is dependent upon, the weight of yeast used in the inoculum. A, inoculum --3.68 X 10 "~ rag. yeast (dry weight). Z * Growth rate --In ~ .
#
Curves for colony counts were not obtained since counts made after 48 hours did not differ from those made after 24 hours. Table IH presents data showing the number of colonies formed after starvation or dowex treatment and 48 hours' incubation on Sabouraud's agar at 30°C. The average number of colonies is given with standard deviations: six to eight plates were prepared at each point. The data show that starving or dowex 50 treatment did not in itself appreciably alter the ability of the cells to form colonies in 48 hours. The changes seen can be accounted for by differences in the inoculum size.
Effect of Slurring and Dowex 50 on Colony Format~n.--
Exposure to 45,000 r reduced the colony count in fresh yeast to 18. In marked contrast to the effect of starvation is the effect of dowex 50 treatment. Here the per cent of irradiated cells able to form colonies was not decreased, and the average colony count was even slightly higher than in fresh irradiated yeast at both dose levels. Treatment of yeast with dowex 50 following exposure to x-radiation resulted in colony counts of 28.6 per cent of the similarly treated bul non-irradiated control after 45,000 r and 19 per cent after 90,000 r. Examination of the standard deviations makes the increases of doubtful significance, but the lack of any enhancing effect of dowex treatment is clear. This contrasts with its effect on respiration and fermentation (3). 
Effect of Starving and Dowex 50 Treatment on Growtk in a Liquid
Medium. Fig, 2 presents typical cla~ showing the change in optical density with time for irradiated and non-irradiated yeast under a variety of conditions. These were obtained by inoculating fiquid synthetic medium with aliquots from the same suspensions used in obtaining the colony count data. All growth curves were run in duplicate and found to be almost superimposable.
Two features of these curves should be noted. First, the effect on growth is most characteristically a delay. Second, both starvation and dowex treatment enhance the delay brought about by irradiation (though negligibly so in the case of dowex after 45,000 r).
It might be assumed that the effect on the lag period represents only the decrease in total ceils able to bud. Whether or not there is an effect on the over-all growth rate is clarified by the analysis which follows.
It was shown in Table II that the growth rate was independent of the size of the inoculum, providing that the per cent of viable cells and other conditions were the same, while the duration of the lag phase was not independent of inoculum size. It would then be expected that if the irradiation inactivated some of the cells in the inoculum the apparent growth rate would be changed whether the actual rate of growth changed or not. Fortunately the per cent of viable cells may be accurately obtained from colony count data. Knowing the amount of yeast present in the inoculum and the per cent of viable ceils remaining after irradiation, one can calculate the real growth rate of that yeast which was not inacticated by irradiation. Such calculations and other pertinent figures are shown in Table IV . In these the weight of viable yeast in the inoculum was calculated from the colony formation data in Table III The data in Table IV show that upon exposure of fresh yeast to x-radiation the growth rate of 0.458 reg./hour was apparently decreased to 0.353 after 45,000 r and to 0.326 after 90,000 r. However, correcting these values in the manner described, the actual growth rates become 0.423 reg./hour for yeast exposed to either 45,000 r or 90,000 r. This represents the true growth rate of that yeast not prevented from growing by irradiation. It is seen that this value is somewhat less than the normal rate, 0.458 reg./hour, which suggests that cell division was actually somewhat slower in those cells which escaped complete inactivation by x-radiatlon. This retardation of cell division seems to have a threghold response at a dose less than 45,000 r since it was not increased by doubling the dose. This plus the decrease in ceils able to bud results in the observed delay in the time required for the growth curve to leave the abscissa and enter the logarithmic phase; viz, 5.5 hours after 45,000 r and 7.5 hours after 90,000 r. This can be seen graphically in the complete growth curves of Fig. 2 .
The growth rate of starved yeast (not irradiated) was found to be 0.440 rag./ hour, suggesting that starving slightly lengthens the lag phase. Irradiation with 45,000 r resulted in a corrected growth rate of 0.405 reg./hour and an increase of 7 hours in the incubation time needed to reach optical density, 0.5. This is due to both the delay in cell division and complete inactivation of all but 12.5 per cent of the inoculum. The delay was increased to 14.5 hours after exposure to 90,000 r. The measured growth rate was 0.285 reg./hour and the corrected rate 0.373 reg./hour, showing an additional effect of the higher dose on the growth of the surviving starved yeast. Dowex 50 treatment of fresh yeast caused only a slight decrease in the growth rate. The effect of dowex 50 treatment of the irradiated yeast was more pronounced. The growth rate of yeast exposed to 45,000 r was decreased to 0.405 reg./hour by dowex 50 treatment and the deIay due to irradiation was 5.5 hours. After exposure to 90,000 r, d0wex 50 treatment decreased the growth rate to 0.376 reg./hour and the lag phase was extended 9.5 hours. Thus, although the colony formation of irradiated yeast was somewhat increased by dowex 50 treatment, the growth rate in a liquid medium was decreased as shown by an increased duration of the lag phase. Dowex 50, therefore, has contrasting effects on colony formation and on the rate of growth in liquid medium.
DISCUSSION
In agreement with the gas exchange studies reported earlier (3) starvation and/or cation exchange resin treatment are found to modify the effects of xirradiation on growth of yeast. Starvation increases not only the inhibition of respiration and fermentation as shown earlier but increases the inhibition of colony formation 4 and the length of the lag period for growth in a liquid medium. Dowex 50 behaves similarly except that it increases rather than decreases the percentage of cells able to form colonies after irradiation. Starvation alone seemed to increase the effects of irradiation on colony formation much more than it did those on respiration and fermentation (3), the rate of growth, or the duration of the lag period. Dowex treatment showed less contrast in the magnitude of its effects on growth as compared with metabolism with the exception of its totally different action on colony formation.
These effects point clearly to the fact that the irradiated cell is more dependent upon certain aspects of its environment than the normal cell and that suitable treatments may reveal degrees of damage not ordinarily seen. An important relation to potassium ion was shown in the metabolism studies (3). The lack of effect of dowex 50 on colony formation tends to negate such an influence in these experiments. Also other mechanisms such as loss of enzyme or substrate reserves could account for the starvation effects. However, no growth studies have been completed without potassium in the medium and the question of mechanism must await further work. Some data on yeast grown in deficient media have been gathered (2) but these cells reacted in general similarly to normal yeast.
The two effects of irradiation on cell division seen here (i.e. inhibition of colony formation and temporary retardation of growth in liquid media)suggest separable mechanisms. The dual action of dowex treatment points in the same direction. How these are related to budding and cell separation, found to be independent to some extent by Spoerl et al. (6) , inhibition of cell division as 4 Wood (8) found that starving a ~haploid strain of Saccharomyces by agitation in M/15 KH2PO4 for 48 hours before irradiation did not alter its radiosensitivity. Although the disagreement between these results and ours may be due to several factors such as strain and ploidy difference, it may also be due to a difference in. starving procedure. In the present study starving was accomplished by aeration of a distilled water suspension and it is certain that the cells lost potassium.
contrasted to increase in volume as described by Brace (4) , or the separable phenomena described by Lacassagne (5) and by Wyckoff and Luyet (9) is not obvious. Interrelationships with the metabolic effects described earlier, particularly the possible separation of processes occurring at the cell surface from those in the cell interior are under investigation. SLrMMARY 1. Effects of starvation or treatment with a cation exchange resin, dowex 50, parallel in some respects those seen earlier on the respiration and fermentation of bakers' yeast receiving 90,000 r of 250 kv. x-rays. Starvation increased the radiosensitivity of cell division processes whether measured by colony formation or by turbidimetric determination of growth in a liquid medium. The dowex 50 enhanced the radiation effect by the latter measure but appeared to increase colony formation of irradiated yeast.
2. The effects on growth differ from those on respiration and fermentation in that the exchange resin treatment did not inhibit colony formation further, and neither starvation nor resin appreciably altered the growth of non-irradiated yeast.
3. Two effects of radiation are seen in these experiments: (a) a permanent inhibition of growth, and (b) a temporary inhibition of the remaining cells resulting in delay of growth.
4. The irradiated cell is more dependent on certain aspects of its environment in terms of growth responses as well as in terms of metabolism (i.e. respiration and fermentation). Whether or not potassium plays a role in the growth response as it does in the metabolic response cannot be ascertained from the present data.
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